This talk contains an analysis of quenched chiral perturbation theory and its consequences. The chiral behavior of a number of quantities such as the pion mass m 2 , the Bernard-Golterman ratios R and , the masses of nucleons, and the kaon B-parameter are examined to see if the singular terms induced by the additional Goldstone boson, 0 , are visible in present data. The overall conclusion (di erent from what I presented at the lattice meeting) of this analysis is that, with some caveats on the extra terms induced by 0 loops, the standard expressions break down when extrapolating the quenched data with m q < m s =2 to physical light quarks. I then show that due to the single and double poles in the quenched 0 , the axial charge of the proton cannot be calculated using the AdlerBell-Jackiw anomaly condition. I conclude with a review of the status of the calculation of light quark masses from lattice QCD.
INTRODUCTION
The main question this review attempts to answer is \should the ostrich care about the alarmists view of quenched QCD"? The alarmists are two groups, Sharpe, Labrenz, and Zhang 3] 16] 18] and Bernard and Golterman 1] 2]. They have calculated, using quenched chiral perturbation theory, a number of quantities to 1-loop and nd that in the quenched approximation 0 loops give rise to unphysical terms in the chiral expansion and that in many cases the chiral limit is singular. Also, the coe cients in the chiral expansion (including those of the normal chiral logs) are di erent in the full and quenched theories. The ostrich is everyone who wishes to continue using the chiral expansions derived for the real world for extrapolating quenched data to the chiral limit. The answer is, unfortunately, YES they should care.
The artifacts due to 0 loops can potentially invalidate all the extrapolations to the chiral limit. The hope is that since these are loop corrections and potentially large only in the limit m q ! 0, therefore, there might exist a window in m q where the leading order chiral expansion is valid and su cient, albeit with coe cients different from those in full QCD. Extrapolations of the quenched data from this range to the physical light m u may prove to be sensible, and the di erence between the full and quenched coecients taken as a measure of the goodness of the quenched approximation. With this goal in mind I analyze the existing quenched data in the range m s =4 | m s and show that terms induced by the 0 are already visible and statistically signi cant. In Section 9 I switch gears and review the status of m and m s . The quenched Wilson fermion data for m is almost a factor of two larger, even at = 6:4, than that for quenched staggered or n f = 2 staggered or Wilson fermion data. The estimates of m s depend on whether K or K or is used to set the strange scale. These systematic di erences are much larger than statistical errors and need to be brought under control.
2. QUENCHED CHIRAL PERTURBA-TION THEORY Morel 5 ] gave a Lagrangian description of the quenched theory by introducing ghost quark elds with Bose statistics. This Lagrangian approach has been further developed by BernardGolterman into a calculational scheme. To the order we will be concerned with L BG is L BG (1) where f = f = 131 MeV is the pion decay constant, = exp(2i =f), M is the hermitian Figure 1 . The pseudoscalar propagator, (b) the hairpin vertex, and (c) the one bubble contribution to the 0 propagator in full QCD which after summation of all diagrams has the form shown. quark mass matrix, sets the scale of the mass term, and str is the supertrace over quarks and ghost quarks. The last two terms involve the eld 0 = ( 0 ~ 0 )= p 2, where~ 0 is the ghost (commuting spin-1=2) eld companion to the 0 . These terms are treated as interactions and give rise to \hairpin" vertices (see Fig. 1 ) in the 0 propagator. This introduces two new parameters, m 2 0 and a momentum dependent coupling 0 p 2 , in the quenched analysis. In the full theory this vertex and the tower generated by the insertion of bubble diagrams sum to give 0 its large mass, m 2 0 =(1 0 ), while in the quenched theory the 0 remains a Goldstone boson and its propagator has a single and double pole.
The strength of the vertex, m 2 0 , has been calculated on the lattice by the Tsukuba Collaboration 4] by taking the ratio of the disconnected to connected diagrams. It has also been determined using its relation to the topological susceptibility m 2 0 = 2n f t =f 2 = m 2 0 + m 2 2m 2 K (2) measured on pure gauge con gurations. These methods give 750 < m 0 < 1150 MeV . The parameter that occurs repeatedly in the chiral expansion of quenched quantities is m 2 0 =24 2 f 2 . Using f = 131 MeV and the above estimates for m 0 gives 0:14 < < 0:33. Current quenched data supports a value between 0:1 < < 0:15; di erent lattice observables give varying estimates due to statistical and systematic errors.
Let me rst give an intuitive picture of why the 0 propagator gives extra contributions. The enhanced logs due to the 0 are infrared divergent, so it su ces to consider the p 2 = 0 limit in the 0 propagator. The single pole term is akin to the pion in the full theory, 1=m 2 : are di erent in the quenched expressions. I will assume that this di erence is implicit in all subsequent discussion even when the same symbols are used for the two theories. Before addressing the consequences of these di erences for the various physical quantities and their signi cance in the present data, I would like to mention the di erence in the strategies, after 1-loop corrections have been calculated, of the two groups of alarmists. I nd that knowing their respective emphasis helps in reading their papers.
Sharpe and collaborators focus on determining quantities that can be extracted reliably from quenched simulations. Using real world values to determine the chiral parameters (or commonly accepted ones if these are unknown parameters in PT) they require that the chiral corrections are small in both the full and quenched expressions, as well as in their di erence. Observables satisfying these conditions are the \good" candidates. Bernard and Golterman concentrate on testing quenched PT by forming ratios of quantities which are (a) free of O(p 4 ) terms in L cpt and (b) independent of the ultraviolet cuto used to regularize loop integration. The quenched chiral expansion of such ratios have terms proportional to the extra parameter . Since these terms can be singular in the chiral limit, it is necessary to assume that there exists a window in m q where the 1-loop result is reliable. Then can be determined from ts to the quenched expression provided the ts to the quenched and full theory are signi cantly di erent. The above analysis shows that if one wanted to extract the value of A in the expansion m 2 = A m q + : : :, then the quenched data would give a signi cantly di erent result depending on the kind of t used. If one assumes that the 5 data points by the Staggered collaboration 7] represent a window in which PT is valid and chiral corrections are negligible, i:e: the relation m 2 = A m q is su cient (as expected at small enough m q in full QCD), then one gets m 2 = 5:87m q 7], whereas Eq.7 gives A 3:9, a signi cantly different value. The t in Eq. 7 shows that over a range of m q , the chiral log and higher order terms can conspire to produce a at region.
Finite size e ects in m increase the value of (m 2 ) Q =m q , so one might attribute the 4% deviation at m q = 0:0025 in 
BERNARD-GOLTERMAN RATIO R AND f
The chiral behavior of f in full QCD has been analyzed by Gasser and Leutwyler 11] The caveat in this case is that the two points at largest X Q are obtained with m 2 = 2m s , so one could argue that 1-loop PT is not reliable for these masses. Barring this technicality, I believe that this quantity provides the cleanest determination of .
BERNARD-GOLTERMAN RATIO AND h i
Bernard-Golterman construct a second quantity that is independent of and O(p 4 ) terms To evaluate these expressions requires data for the condensate at three values of m q and pseudoscalar masses for the combinations = uu, K 0 = sd, K + = su. At present only the staggered 7] and Wilson 12] fermion simulations at = 6:0 by the LANL collaboration have all the necessary data. Our results for = ( tree )=Y , where Y is the factor multiplying in the expression for Q in Eq.14, are given in Table 1 .
The staggered data have large errors and would give the wrong sign for . (I have not taken into account the di erence between Goldstone and non-Goldstone mass in terms that come from 0 loops.) With Wilson fermions the condensate in the chiral limit can be calculated in two ways, using the GMOR relation or the Ward Identity as explained in Ref. 15] . At nite m q there are lattice artifacts which we cannot control, nevertheless, the data give reasonable value for . This is probably fortuitous and I believe that much better data is needed in order to extract from the chiral condensate. 19] one nds M N = 0:97+0:24 0:27 respectively for the rst three terms in Eq.14. Thus, the loop corrections in individual masses are large and one could question whether PT is applicable at all to baryons. On the other hand PT results for mass di erences and the Gellmann-Okubo formula work very well, just as in the quark model. So, it is possible that the loop e ects somehow conspire to just shift the overall scale, in which case PT is useful and it is worthwhile examining the consequences of the quenched approximation.
Labrenz and Sharpe 16] have extended the Lagrangian approach of Bernard-Golterman to baryons using the \heavy-quark" formalism of Jenkins and Manohar 17] . They show that along with a modi cation of the c i in Eq.14 one gets a m 2 0 m term due to 0 loops. The quenched expression for degenerate quark masses is Fits to lattice data using Eq. 15 are not very reliable because the number of light quark masses (i) . The best I could do was to x one of the parameters and make a 3-parameter t and then vary the xed parameter to minimize 2 . The best t (obtained by xing any one of the less well determined coe cients, c (1) , c (2) or c (3) , as one gets the same nal result on minimizing 2 ) to the LANL data expressed in units of GeV is shown in Fig.5 (17) which implies that 0:4, and c (2) and c (3) have values close to those for full QCD.
THE KAON B PARAMETER
The kaon B parameter is a measure of the strong interaction corrections to the K 0 K 0 mixing. It is one of the best measured lattice quantities. For details of the phenomenology and of the lattice methodology I refer you to Refs 
has exactly the same form except for the additional term proportional to , which is an artifact of quenching. The term proportional to is singular in the limit ! 1, therefore extrapolations of quenched results to the physical non-degenerate case are not reliable. For = 0 this term vanishes, so unless one works close to ! 1 (for which there is little incentive in the quenched approximation), it is unlikely that we will, in the foreseeable future, be able to extract using Eq.19. The constants B, b, c are di erent in the full and quenched theories and cannot be xed by PT. Assuming B = B Q , the coe cient of the chiral log term is the same for = 0. This is the best agreement one can expect between the two theories. As a result Sharpe 23] advocates that B K with degenerate quarks is possibly a \good" quantity to calculate using the quenched theory, though systematic errors due to use of degenerate quarks are hard to estimate.
Using full QCD values, 3yLny 1, so one can ask whether this normal chiral log is visible in the present data and whether it should be included in the extraction of B K ? With existing data it is hard to distinguish this term from the one linear in y as the range of m K is not large enough to signi cantly a ect the logarithm. Also, there exist data for m q m s =2, so for degenerate quarks (which, as explained above, is the best one can do with the quenched theory) there is no need for an extrapolation.
For staggered fermions B K can be written as the sum of two terms, B K = B V + B A , each of which can be analyzed using PT. These quantities are de ned in Ref. 3] and are explicitly constructed such that they do not diverge as 1=m 2 K in the chiral limit. Both B V and B A have enhanced logs (terms proportional to Lny and not suppressed by powers of y) that have nothing to do with quenching, i:e: are not due to the 0 . It is these logs, or more precisely the volume dependence of these logs, that has been seen in lattice data. Sharpe 3] 
MATRIX ELEMENT OF SINGLET AXIAL CURRENT IN THE PROTON
Ever since the measurement of the spin structure of protons using deep inelastic muon scattering from protons by the EMC collaboration 25], there has been much interest in the calculation of the forward matrix elements of the singlet axial current in the proton, hp; sj qi 5 qjp; si. There are two possible Wick contractions that contribute to this matrix element (ME). These connected and disconnected diagrams are discussed in 27]. Since the disconnected diagram is hard to measure, Mandula 26] (21) whereq =p p 0 and s is the proton's spin vector. The hope was that it would be easier to measure the ME of this purely gluonic operator. Since the 0 propagator contributes to this ME at tree level, the question arises whether Eq.21 is valid in the quenched approximation. The answer is NO 27] . Consider the Fourier transform of the anomaly relation iq hp 0 ; sj A (q) jp; si = 2m q hp 0 ; sj P jp; si + N f s 2 hp 0 ; sj Tr FF jp; si: (22) Each of the three ME in Eq.22 can be parameterized in terms of form-factors as hp 0 ; sj A (q) jp; si = ui 5 uG A 1 iq u 5 uG A 2 ; hp 0 ; sj P jp; si = u 5 uG P ; hp 0 ; sj Tr FF jp; si = u 5 uG F : (23) In the quenched approximation the singularities in these form factors for on-shell ME with respect to q 2 and due to the 0 propagators are G A 1 (q 2 ) no 0 poles; G A 2 (q 2 ) = a 2 (q 2 m 2 0 ) 2 + a 1 (q 2 m 2 0 ) +G 2 ; G P (q 2 ) = p 2 (q 2 m 2 0 ) 2 + p 1 (q 2 m 2 0 ) +P; G F (q 2 ) = f 1 (q 2 m 2 0 ) +F:
Equating the single and double pole terms gives two relations. Using these and taking the double limit, q 2 ! 0 and m q ! 0, gives
The term proportional to N f s =2 diverges in the chiral limit and there is no obvious way of extracting the physical answer from it alone. Thus the method fails in the quenched theory.
In the full theory, there are no double poles and an analogous analysis gives
which justi es the use of the anomaly relation.
MASSES OF LIGHT QUARKS
In order to extract light quark masses from lattice simulations we use an ansatz for the chiral behavior of hadron masses. Theoretically, the best de ned procedure is PT which relates the masses of pseudoscalar mesons to m u ; m d , m s .
The overall scale in the mass term of Eq.1 implies that only ratios of quark masses can be determined using PT. The predictions from PT for the two independent ratios 
The status of calculations of m(2 GeV ) for quenched Wilson 35] Fig. 7 . The statistical errors are calculated using a single elimination JK with a sample of 100 lattices of size 32 3 64, so the di erence is signi cant. The Rome collaboration 45] has found a similar discrepancy and argue that it can be resolved if one uses the non-perturbative value for Z P , which they advocate calculating using matrix elements of the operators between quark states in a xed (Landau) gauge. Their results indicate that perturbation theory (including tadpole improvement) fails for Z P . The two methods for extracting m give consistent results once the non-perturbative value of Z P is used.
Having xed m one can extract m s , m c , and m b using, for example, K , D, and B meson masses provided it is assumed that these masses are linear in the light quark mass and in the heavier quark mass around the physical value. Alternately, one can use m , J= , and spectrum to get these quark masses directly without needing to extrapolate in the light quark mass. The results for m c and m b have been reviewed by Sloan 33] at this conference so I will only analyze the data for m s and compare these estimates to 25m. Note that the same data used to compile Fig. 7 is used to calculate m s from m K and m . The procedure for translating the value to 2 GeV in the MS scheme is also the same. The results in Fig. 8 show that that the estimate of m s from m is systematically higher by 15 20% compared to 25m.
I will use the LANL data 12] to show that the systematic errors due to choice of hadron used to set the scale of the strange quark are now a dominant source of error. We nd that, in the MS scheme at 2 GeV , m s = 25m = 129(4) MeV using M K , m s = 151(15) MeV using M K , and m s = 157(13) MeV using M . Note that the latter two estimates give m s =m 30, which is much closer to the \Next Order" prediction of PT. The larger errors in these cases re ect the fact that on the lattice masses of pseudoscalar mesons are measured with much better statistical accuracy than those of vector mesons.
CONCLUSIONS AND COMING AT-TRACTIONS
The analysis of various quenched quantities show that the parameter characterizing the hairpin vertex in the 0 propagator lies in the range 0:1 0:2. As a result, for m q < m s =2 I nd signi cant deviations from the lowest order chiral behavior in m 2 =m q . Therefore, I conclude that extrapolation of quenched data, obtained with m q m s =2, to the chiral limit cannot be done simply using full QCD formulae for quantities which have large contributions from enhanced logs. For quantities like the matrix element of the singlet axial vector current using the Adler-Bell-Jackiw anomaly, the quenched approximation fails altogether.
The alarmists are busy calculating 1-loop corrections to other quantities to determine what can be extracted reliably from quenched simulations. The systematic errors due to the choice of hadron mass used in determining m s are significant. Using m K or m to extract m s gives a 20% larger value than that obtained from m K . Even though the statistical errors are larger when extracting m s from vector mesons, these estimates provide information beyond the lowest order PT result m s = 25m. Phenomenological estimates involving extrapolation to strange quark mass need to take this systematic di erence into account.
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